Background. Despite the high prevalence of osteoarthritis and the prominence of primary care in managing this condition, there is no systematic summary of quality indicators applicable for osteoarthritis care in primary care settings. Objectives. This systematic review aimed to identify evidence-based quality indicators for monitoring, evaluating and improving the quality of care for adults with osteoarthritis in primary care settings. Methods. Ovid MEDLINE and Ovid EMBASE databases and grey literature, including relevant organizational websites, were searched from 2000 to 2015. Two reviewers independently selected studies if (i) the study methodology combined a systematic literature search with assessment of quality indicators by an expert panel and (ii) quality indicators were applicable to assessment of care for adults with osteoarthritis in primary care settings. Included studies were appraised using the Appraisal of Indicators through Research and Evaluation (AIRE) instrument. A narrative synthesis was used to combine the indicators within themes. Applicable quality indicators were categorized according to Donabedian's 'structure-process-outcome' framework. Results. The search revealed 4526 studies, of which 32 studies were reviewed in detail and 4 studies met the inclusion criteria. According to the AIRE domains, all studies were clear on purpose and stakeholder involvement, while formal endorsement and use of indicators in practice were scarcely described. A total of 20 quality indicators were identified from the included studies, many of which overlapped conceptually or in content. Conclusions. The process of developing quality indicators was methodologically suboptimal in most cases. There is a need to develop specific process, structure and outcome measures for adults with osteoarthritis using appropriate methodology.
Introduction
Osteoarthritis is a common chronic condition and one of the leading causes of poor quality of life and disability worldwide (1) . In Ontario, Canada, the overall prevalence of osteoarthritis is 24.2%, while ~48.8% of people aged 75-89 years have osteoarthritis (2) . Osteoarthritis is typically diagnosed on the basis of radiographic imaging and clinical findings (1) . Symptomatic osteoarthritis is defined by the presence of joint symptoms, including pain, aching or stiffness, with radiological confirmation (1) . Prior study results show that osteoarthritis is associated with a high economic burden, attributable to the effects of disability, the presence of comorbid disease and the expenses of treatment (3) .
Osteoarthritis is frequently diagnosed and treated in primary care settings; it is the second most common diagnosis among adults leading to consultations with their general practitioners (4) . Even though it is one of the most prevalent conditions, there has been little evaluation of the quality of care provided for adults with osteoarthritis in primary care settings.
Assessment and monitoring of care quality has become crucial for health care systems worldwide to enhance the accountability of health care providers, to improve resource allocation efficiency, to identify and minimize medical errors and to improve health outcomes (5, 6) . The assessment and monitoring of care quality can be achieved by using quality indicators, which are based on standards of care and the best available evidence (5) . Health care quality indicators are powerful tools that can guide efforts to improve patient care (5) .
Quality indicators are defined as 'a measurement tool, screen or flag that is used as a guide to monitor, evaluate and improve the quality of client care, clinical services, support services and organizational functions that affect patient outcomes' (7) . Data generated from these measures can be used to assess past performance, identify suboptimal practices and plan improvements. Quality indicators indicate potential problems that might need addressing, usually manifested by perceived unacceptable variation in care or statistical outliers (5) . Donabedian (8) has conceptualized the assessment of quality through examining the structures, processes and outcomes of care, and many quality indicators have been classified using this framework.
The literature suggests that quality indicators should be evidence based and be derived from the academic literature. However, when scientific evidence is lacking, quality indicators can be defined by an expert panel of professionals by means of consensus techniques based on their experience (6) . Evidence suggests that the systematic method of combining scientific evidence and expert opinion is the most rigorous way of developing quality indicators (5) .
Despite the growing interest in assessing the quality of care for osteoarthritis, there has been little evaluation of the quality of care for osteoarthritis in primary care settings. This systematic review aimed (i) to identify evidence-based and valid quality indicators feasible for monitoring, evaluating and improving the quality of care for osteoarthritis among adults in primary care settings and (ii) to critically appraise a set of identified quality indicators, using Appraisal of Indicators through Research and Evaluation (AIRE) instrument.
Methods
We conducted a systematic literature review to identify existing quality indicators for primary care of osteoarthritis both in Canada and internationally.
Search strategy
A systematic literature search was conducted using Ovid MEDLINE and Ovid EMBASE databases from 2000 to 2015, restricted to English articles of human studies of people aged 18 years or older. The search terms used combined keywords and medical subject headings for osteoarthritis and quality indicators. The following search terms were used to identify studies related to quality indicators development: 'performance indicator(s)/measure(s)', or 'quality indicator(s)/measure(s)', or 'benchmark', or 'report card', or 'quality of health care', or 'clinical guideline', or 'quality assurance'. To identify studies related to osteoarthritis care, we used the following search terms: 'osteoarthritis', 'arthritis, degenerative', 'osteoarthritis, hip', 'osteoarthritis, spine' and 'osteoarthritis, knee'. The results from these two search steps were then combined (Supplementary Table 1 ).
In addition, a grey literature search was conducted to find information about quality indicator development initiatives that were not published in peer-reviewed journals. For that purpose, we searched available public repositories including the National Quality Measures Clearinghouse (NQMC; http://www.qualitymeasures. ahrq.gov) and the National Quality Forum (NQF; http://www. qualityforum.org). Additionally, we looked for existing indicators at web sites of major organizations involved in quality measurement and reporting indicators for assessing the quality of care among patients with osteoarthritis, including the RAND Health Corporation/ Assessing Care of Vulnerable Elders (ACOVE), American College of Rheumatology (ACR), Canadian Rheumatology Association (CRA), and American Medical Association (AMA) and AMA-convened Physician Consortium for Performance Improvement (PCPI).
Study selection
The literature suggests the most rigorous way of developing quality indicators is through a systematic literature search combined with consensus techniques (5, 9) . Where possible, quality indicators should be derived from scientific evidence. The stronger the evidence, the stronger the potential benefit of quality indicators in terms of increase in the likelihood of achieving the best possible clinical outcomes (5, 9) . The main reasons for developing measures using consensus techniques include synthesizing accumulated expert opinion, enhancing decision-making, facilitating development of indicators where evidence alone is insufficient and identifying areas of care where there is controversy or uncertainty (5) .
Therefore, the articles were included for the purpose of this study if both inclusion criteria were met:
• The study methodology combined a systematic literature search/ development of indicators from clinical guidelines with assessment of quality indicators by an expert panel; • The study provided quality indicators applicable to the provision of primary care for adults with osteoarthritis.
The articles identified were entered in a bibliographical database and duplicates were removed. One of the reviewers (YP) checked for the selected keywords in the title, abstract and subject heading of the articles. The resulting studies were included for full-text review. Two reviewers (YP and YS) independently conducted fulltext review according to the inclusion criteria. Also, the references of selected articles were screened for other relevant studies that had not been found in the electronic search. The resulting set of articles was included in the methodological assessment process. The level of agreement between reviewers evaluating studies for inclusion and undertaking methodological assessments was assessed using the kappa statistic (10).
Methodological assessment
We used the AIRE instrument for the methodological assessment of the quality of the included articles (11) . It is a validated instrument that has been used previously in similar peer-reviewed studies (12, 13) . The AIRE instrument contains 20 items, subdivided into four domains: (i) purpose, relevance and organizational context; (ii) stakeholder involvement; (iii) scientific evidence; and (iv) additional evidence, formulation, usage. Two authors (YP and YS) independently appraised the included sets of indicators with the AIRE instrument. The AIRE instrument was completed for a total set of quality indicators against each instrument item because publications usually gave information about the development and scientific evidence of the total set of indicators instead of for each indicator separately (12, 13) . Each item of the instrument has a score ranging from 1 to 4 with: 1 = strongly disagree (confident that the criterion has not been fulfilled or no information was available); 2 = unsure whether the criterion has been fulfilled (answer 'disagree', depending on the extent to which the criterion has been fulfilled); 3 = unsure whether the criterion has been fulfilled (answer 'agree', depending on the extent to which the criterion has been fulfilled); and 4 = strongly agree (confident that the criterion has been fulfilled) (11) .
Scores for each of the four domains were calculated by summing up all the scores of the individual items in a category and standardizing the total as a percentage of the maximum possible score for that domain. The maximum possible score for each domain was calculated by multiplying the maximum score per item (4 points) by the number of items in that domain (3, 5, 9) and the number of appraisers (2) . Similarly, the minimum possible score was calculated by using the minimum score per item (1) .
The standardized category score is the total score per domain minus the minimum possible score for that domain, divided by the maximum possible score minus the minimum possible score, all multiplied by 100%. The standardized score ranges between 0% and 100%, and a score of 50% and higher indicates a higher methodological quality for each domain of the instrument (13) .
We conducted and reported this study according to the Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA) statement.
Data extraction
A structured data extraction form was used to describe the selected studies with respect to the quality of osteoarthritis care among adults in primary care settings. The extraction information consisted of the title of the paper and the publication date; summary of the indicator selection process; and description of quality indicators, including type, numerator and denominator of quality indicator. The identified quality indicators were organized according to Donabedian's 'structure-process-outcome' framework (8) . A narrative synthesis was used to combine the indicators within themes.
Results

Search results
The systematic literature review identified 4524 potentially relevant studies from OVID MEDLINE and OVID EMBASE (Fig. 1) . Two additional publications were identified through grey literature searching. After the review of titles/abstracts, only 31 publications were deemed potentially relevant. The full texts of these publications were obtained for the review. One publication was derived after tracking the references. Of these, 28 publications were excluded primarily because of the inability to meet inclusion criteria. Finally, four publications were included in the review (kappa = 0.92; very good agreement) (14) .
Study characteristics
The studies included in the review are summarized in Table 1 . The included studies were obtained from the USA or Europe. All four articles used a combination of literature review/development of quality indicators from clinical guidelines and some form of consensus technique to derive a final set of quality indicators. One of the studies was focused on assessing care for vulnerable elders with osteoarthritis (15) , while the rest focused on the care of osteoarthritis among adults (16) (17) (18) . All included studies provided quality indicators applicable to assessing the care for osteoarthritis in primary care settings.
Methodological quality
The methodological quality of the included studies varied according to the AIRE instrument domains' scores (Tables 2 and 3 ). All studies were clear on the first AIRE instrument domain, demonstrating good evidence for describing the purpose of quality indicators development and the patient population to whom they were meant to apply, as well as presenting the indicator selection criteria and applicability of measures.
Three studies (15, 16, 18) received low scores for the second AIRE domain due to lack of information regarding the relevant stakeholders' involvement at some stage of the indicator development process. According to the Institute of Medicine (IOM), the appropriate highlevel leadership, organization or expertise, not the one that develops the measures, has to review and endorse measures of quality intended for population health improvement (19) . To that end, we identified which of the extracted quality indicators were endorsed by the NQF and which were not. NQF endorsement is the 'gold standard' for health care quality, and NQF-endorsed measures are deemed to be evidence based and valid (20) .
The information regarding the piloting of indicators in practice and instructions for presenting and interpreting results were scarcely described in one of the selected studies (16) . In the included studies, the quality indicators were appraised for multiple criteria, including importance of the indicators to be scientifically sound, valid and important. All included studies provided information on assessment of the identified indicators for scientific quality. Validity was judged by the members of the expert panel and discussed whether and/or to what extent the quality indicators were linked to the quality of care. MacLean et al. (15) used a RAND/UCLA Appropriateness Method for critical appraisal of candidate indicators. The identified indicators in this study were assessed for validity and reliability (21) . Pencharz et al. (16) used a RAND/UCLA Appropriateness Method for critical appraisal of candidate indicators. The identified indicators in this study were assessed for validity, but no information is identified for reliability testing. PCPI (17) used a consensus technique to assess the candidate indicators for importance and validity, but no information is identified for reliability testing. EUMUSC.net project (18) used a Modified Delphi panel technique with the involvement of researchers and patients to assess the candidate indicators for validity, but no information is identified for reliability testing. Feasibility of data collection was assessed in two studies (16, 18) .
Quality indicators
Quality indicators were extracted only if they were relevant to the provision of primary care for osteoarthritis. For the purpose of this study, the target population was defined as patients aged 18 and older with a diagnosis of symptomatic osteoarthritis. The identified quality indicators were organized according to Donabedian's 'structure-process-outcome' framework (8) . Structure indicators refer to settings where osteoarthritis care is delivered, including adequate facilities, qualification of care providers or administrative structure. Process indicators examine how osteoarthritis care has been provided in terms of appropriateness, acceptability, completeness or competency. Outcome indicators refer to the end points of osteoarthritis care, such as improvement in function or recovery (8) .
A total of 20 quality indicators were identified from the included studies, many of which overlap conceptually or in content: 2 structure, 16 process and 2 outcome indicators ( Table 3 ). The structure and outcome indicators were derived from the EUMUSC.net (18) project. Structure indicators included two domains: access to care and waiting time, while outcome indicators were categorized into two domains: functional improvement and pain reduction.
Process indicators represent the way osteoarthritis care is delivered. They were derived from all four articles (15) (16) (17) (18) . The identified process indicators were categorized into nine domains: (i) assessment, (ii) education, (iii) weight loss, (iv) therapeutic exercise, (v) assessment for use of anti-inflammatory medications, (vi) first-line pharmacological treatment, (vii) gastroprotection, (viii) assistive devices and (ix) surgery. 
Discussion
Despite the importance of osteoarthritis care, relatively few quality indicators are formally endorsed as legitimate measures of quality of osteoarthritis care. The current systematic review identified 20 quality indicators for evaluating primary care for adults with osteoarthritis. They assess multiple aspects of primary care for osteoarthritis, including clinical and organizational. All included studies used a rigorous method of developing quality indicators by combining a systematic literature search with appraisal of candidate indicators using expert panel opinion. One of the important aspects when developing quality indicators is involvement of different stakeholders with different perspectives on quality of care. The studies included in the present systematic review mainly represent the views of multidisciplinary physicians' panels, including primary care physicians and rheumatologists. None of the included studies represents patients' or managers' perspectives on quality of osteoarthritis care in developing quality indicators. However, in the process of developing quality indicators, it is recommended to include the perspectives of all potential end users including patients, their family caregivers, health professionals and managers (5, 6) .
Outcome indicators identified in this study related to the reduction in pain and functional improvement that serves as a marker of wellness of patients with osteoarthritis. Reasons for the small number of outcome indicators may be the limited scientific evidence linking structure and process to outcomes of osteoarthritis care, or perhaps the length of time it takes to assess outcomes due to the often long-term and fluctuating nature of osteoarthritis. There may be other outcomes of interest that are important to patients and families such as participation in social and recreational activities, community engagement etc. We did not identify any 'negative' or 'do not do' quality indicators for osteoarthritis care.
The included quality indicators target different populations, such as those with osteoarthritis of hip or knee or any osteoarthritis. However, this difference is not major to cause any difficulties in implementing the underlying quality indicators. Only one study provided quality indicators for evaluating osteoarthritis care among older adults (15) , three others aimed to develop indicators for assessing osteoarthritis care among an adult population. Although consensus techniques have supported the candidate indicators, ongoing empirical testing of criterion validity (relative to patient outcomes) and reliability would be appropriate in varied patient populations according to age, sex and other characteristics.
The results of the review presented here provide a useful point of departure for other jurisdictions undertaking evaluation or research on primary care for osteoarthritis. Previous efforts in the osteoarthritis quality indicator field have been based primarily in the USA or Europe. When selecting indicators to be used locally, it is important to ensure that they reflect local circumstances and that they can be used to develop local standards of care (22) . In this way, differences in policy priorities and the organization of health care systems can be addressed. Therefore, the identified indicators should be critically appraised by an expert panel to draw conclusions about their applicability to primary care for adults with osteoarthritis in Canada.
There are several studies presenting quality indicators that have been developed for measuring and improving cardiovascular disease care in Canada. For instance, the Canadian Cardiovascular Outcome Research Team (CCORT) in collaboration with the Canadian Cardiovascular Society (CCS) developed quality indicators for care for congestive heart failure specifically for use in the context of Canadian health care system (23) . It is anticipated that osteoarthritis quality indicators that will be developed in the context of the Canadian health care system should be useful to clinicians, researchers and policy makers to detect both strengths and weaknesses of existing practice patterns and will have a beneficial impact on the quality of osteoarthritis care in Canada.
Strengths and limitations
This systematic review was conducted to identify evidence-based and valid quality indicators for care for adults with osteoarthritis. As demonstrated in this study, relatively little research has been done to develop indicators to assess the quality of primary care for adults with osteoarthritis. All included studies used a rigorous approach to developing quality indicators by combining a systematic literature search/developing indicators from clinical guidelines with appraisal of candidate indicators using expert panel opinion. However, our decision to include only indicators developed through an evidencebased approach may have led to the exclusion of some indicators that were developed using other approaches.
We assessed the methodological quality of the identified quality indicators using the AIRE instrument that is mainly focused on the indicator development process. Thus, we may underestimate the methodological quality of some studies because the information related to the indicator development process was not always described within the articles. We tried to track down additional information in the literature about the development process of quality indicators and were able to retrieve relevant additional information only for two sets of quality indicators.
Our literature search was restricted to studies published in English, which might have omitted relevant publications in other languages. Due to time constraints, we did not contact any organization/author to elicit any additional information. The study results indicate the need for further development of quality indicators with detailed methodological specifications for monitoring and accurate assessment of the care for adults with osteoarthritis. Table 3 .
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Conclusions
Evidence-based and valid quality indicators for assessing quality of primary care for osteoarthritis are scarce, but the identified set of indicators addresses multiple dimensions of osteoarthritis care and provides an excellent starting point for further development.
As the disease burden of osteoarthritis is high, and much of it is presented clinically to general practitioners, incorporation of these indicators to routine primary care practice is recommended. Periodic evaluation reports of primary care for osteoarthritis can be useful to monitor performance and serve to evaluate effectiveness of osteoarthritis care. Quality indicators should be valid and sensitive to the changes they are intended to detect and should be linked to improving patient outcomes. There is a need to develop specific process, structure and outcome measures for adults with osteoarthritis by engaging clinicians, patients and families in the identification of meaningful measures and then determining how they could be collected systematically. Future research is required to implement the identified set of quality indicators in this study, to identify additional quality indicators of relevance to patients and families and to examine the association between identified structures and processes and osteoarthritis care outcomes. Table 3 .
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